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Abstract 
The fluorescence intensity decay of protein is easily measurable and reports on the intrinsic fluorophore-local 
environment interactions on the sub-nm spatial and sub-ns temporal scales, which are consistent with protein ac-
tivity in numerous biomedical and industrial processes. This makes time-resolved fluorescence a perfect tool for 
understanding, monitoring and controlling these processes at the molecular level, but the complexity of the decay, 
which has been traditionally fitted to multi-exponential functions, has hampered the development of this tech-
nique over the last few decades. Using the example of tryptophan in HSA we present the alternative to the con-
ventional approach to modelling intrinsic florescence intensity decay in protein where the key factors determining 
fluorescence decay, i.e. the excited-state depopulation and the dielectric relaxation [Toptygin, Brand, 
Chem.Phys.Lett. (2000) 322:496-502], are represented by the individual relaxation functions. This allows quanti-
fication of the both effects separately by determining their parameters from the global analysis of a series of fluo-
rescence intensity decays measured at different detection wavelengths. Moreover, certain pairs of the recovered 
parameters of tryptophan were found to be correlated, indicating the influence of the dielectric relaxation on the 
transient rate of the electronic transitions. In this context the potential for the dual excited state depopulation 
/dielectric relaxation fluorescence lifetime sensing is discussed. 
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1. ,QWURGXFWLRQ 
7KHIOXRUHVFHQFHLQWHQVLW\GHFD\RIWKHLQWULQVLFIOXRURSKRUHLQSURWHLQLVFRPSOH[GXHWRWKHPLFURKHWHURJHQHLW\
RIHQYLURQPHQWWKHIOXRURSKRUH-HQYLURQPHQWGLHOHFWULFUHOD[DWLRQDQGWKHVSHFLILFLQWHUDFWLRQVRIWKHIOXRURSKRUH
7KHUHIRUHSURWHLQIOXRUHVFHQFHGHFD\VDUHQRQ-H[SRQHQWLDODQGDUHWUDGLWLRQDOO\SDUDPHWHUL]HGE\WKHOLQHDUFRP
ELQDWLRQVRIH[SRQHQWLDOV+HUHZHUHMHFWWKLVDSSUR[LPDWLRQDQGLQWURGXFHQHZJHQHUDOUHOD[DWLRQIXQFWLRQVIRU
PRGHOOLQJIOXRUHVFHQFHGHFD\VZKLFKLPSOLHVDQHZDSSURDFKWRGDWDDQDO\VLVDQGDOORZVFOHDULQWHUSUHWDWLRQRI
WKHREVHUYHGFRPSOH[LW\DVDFRPSLODWLRQRIWZRVLPSOHUHOD[DWLRQSURFHVVHV 
$VGHPRQVWUDWHGLQQXPHURXVH[SHULPHQWVSURWHLQIOXRUHVFHQFHGHFD\ILWVZHOOWRPXOWL-H[SRQHQWLDOIXQFWLRQV
DQGVKRZVWKHOLIHWLPH-ZDYHOHQJWKFRUUHODWLRQWKDWLVWKHPHDQGHFD\OLIHWLPHLQFUHDVHVZLWKWKHGHWHFWLRQZDYH
OHQJWKV7ZRFRQWUDGLFWLQJYLHZVH[SODLQLQJWKHVHREVHUYDWLRQVDUHH[SORUHGWKHPRGHORIURWDPHUVDQGWKHPRG
HORIGLHOHFWULFUHOD[DWLRQ7KHURWDPHUYLHZ>-@DVVXPHVWKHH[LVWHQFHRIGLVFUHWHJURXQG-VWDWHVXESRSXODWLRQV
RIIOXRURSKRUHVURWDPHUVHDFKH[KLELWLQJDGLVWLQFWGHFD\WLPH,QWKHGLHOHFWULFUHOD[DWLRQPRGHO>@WKHRE
VHUYHGPXOWL-H[SRQHQWLDOLW\LVH[SODLQHGE\IOXRUHVFHQFHVSHFWUXPVKLIWVWRORQJHUZDYHOHQJWKVRQDQDQRVHFRQG
WLPHVFDOH%RWKPRGHOVKDYHFRQWULEXWHGWRDEHWWHUXQGHUVWDQGLQJRISURWHLQSKRWRSK\VLFVEXWWKH\DUHQRWIUHH
IURPOLPLWDWLRQV)RUH[DPSOHWKHURWDPHUPRGHOGRHVQRWH[SODLQWKHZDYHOHQJWK-OLIHWLPHFRUUHODWLRQDOWKRXJK
UHFHQWTXDQWXP-PROHFXODUPHFKDQLFVVLPXODWLRQVRIVRPHSHSWLGHV>@KDYHVXJJHVWHGWKDWWKHH[LVWHQFHRIPXO
WLSOHURWDPHUVFDQOHDGWRWKHOLIHWLPH-ZDYHOHQJWKFRUUHODWLRQDQGWKHGLHOHFWULFUHOD[DWLRQPRGHOGRHVQRWH[
SODLQWKHODFNRIWKHFRPPRQDSSHDUDQFHRIQHJDWLYHDPSOLWXGHVLQSURWHLQGHFD\ZKLFKLVSUHGLFWHGE\WKLVPRG
HO 
0RUHUHFHQWO\GHVFULSWLRQVFRPELQLQJWKHFRQIRUPDWLRQDOKHWHURJHQHLW\URWDPHUVZLWKGLHOHFWULFUHOD[DWLRQKDYH
HPHUJHG>-@,QWKHRULJLQDOSDSHUE\7RSW\JLQDQG%UDQG>@WKHVSHFWUDOO\-DQGWLPH-UHVROYHGIOXRUHVFHQFH
HPLVVLRQ,QQW>-@LVZULWWHQDV 
        3, 1cI t S t D tQ Q Q Q Q   
ZKHUH6QLVWKHYLEUDWLRQHQYHORSHUHSUHVHQWLQJWKHIOXRUHVFHQFHWUDQVLWLRQV'WLVWKHGHFD\RIWKHH[FLWHG-
VWDWHSRSXODWLRQDQGQFWLVWKHWLPHYDULDWLRQRIWKHVSHFWUDOFHQWURLG7UDGLWLRQDOO\WKHIXQFWLRQV'WDQGQFW
DUHSDUDPHWHULVHGE\OLQHDUFRPELQDWLRQVRIH[SRQHQWLDOVDQG6QLVH[SDQGHGLQD7D\ORUVHULHVZKLFKOHDGVWRD
PXOWL-H[SRQHQWLDOIXQFWLRQ 
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'LIIHUHQWH[SHULPHQWDODSSURDFKHVH[SORULQJWKHHTWQ>-@KDYHEHHQGHYHORSHGWRUHYHDOVSHFWUDODQGWLPH-
UHVROYHGIOXRUHVFHQFHLQFOXGLQJUHFHQWVWXGLHVRIWU\SWRSKDQ7USNLQHWLFVLQPRQHOOLQ>@ZKHUH7USKDVEHHQ
UHSODFHGE\-IOXRURWU\SWRSKDQZKLFKVKRZVUHGXFHGHIIHFWVRIWKHKHWHURJHQHLW\RIWKHHQYLURQPHQWDQGWKXV
SURYLGHVDFOHDUHUYLHZRIWKHGLHOHFWULFUHOD[DWLRQ$QRWKHUWHFKQLTXHWKDWXVHVWKHPXOWL-H[SRQHQWLDOUHSUHVHQWD
WLRQRI7USIOXRUHVFHQFHGHFD\VIRUGHWHUPLQLQJSURWHLQVROYDWLRQG\QDPLFVKDVEHHQLQWURGXFHGE\=KRQJDQG
FR-ZRUNHUV>@,QWKLVDSSURDFKWKHGHFD\LVDVVXPHGWREHDVXPRIWZRPXOWL-H[SRQHQWLDOIXQFWLRQV7KH
FRPSRQHQWVRIWKHILUVWIXQFWLRQUHSUHVHQWLQJWKHGLHOHFWULFUHOD[DWLRQDUHLGHQWLILHGE\WKHSRVLWLYHSUH-
H[SRQHQWLDOIDFWRUVIRUWKHGHFD\VPHDVXUHGDWWKHEOXHVLGHRIWKHHPLVVLRQVSHFWUXPZKLFKWKHQEHFRPHQHJD
WLYHDWWKHUHGVLGHRIWKHVSHFWUXP7KHSUH-H[SRQHQWLDOFRHIILFLHQWVRIWKHVHFRQGIXQFWLRQUHSUHVHQWLQJWKHGH
FD\RIWKHH[FLWHGSRSXODWLRQDUHDOZD\VSRVLWLYH7KLVVHSDUDWLRQRIWKHGLHOHFWULFUHOD[DWLRQDQGWKHH[FLWHG-
VWDWHGHSRSXODWLRQLVWKHQXVHGWRFRQVWUXFWWKHQRUPDOLVHGVROYDWLRQFRUUHODWLRQIXQFWLRQZKLFKLVQRWDIIHFWHGE\
WKHSRWHQWLDOKHWHURJHQHLW\RIWKHHQYLURQPHQWDQGUHVXOWLQJQRQ-H[SRQHQWLDOSRSXODWLRQGHFD\ 
,QRXURSLQLRQXVLQJWKHPXOWL-H[SRQHQWLDODSSUR[LPDWLRQRIWKHIOXRUHVFHQFHGHFD\PD\OHDGWRWKHORVVRUPLVV-
LQWHUSUHWDWLRQRILQIRUPDWLRQZLWKLQUDZIOXRUHVFHQFHGHFD\7KLVLVEHFDXVHPXOWL-H[SRQHQWLDOLW\PD\QRWEHVXS
SRUWHGE\SK\VLFDOPRGHO2QWKHRWKHUKDQGWKHPRGHOVXSSRUWLQJPXOWL-H[SRQHQWLDOLW\LHWKHH[LVWHQFHRIIHZ
VXEV\VWHPVRIGLVWLQFWOLIHWLPHVLVXQOLNHO\WREHDGHTXDWHLQWKHFRPSOH[ELRORJLFDOHQYLURQPHQWVWKDWDUHIXUWKHU
FRPSOLFDWHGE\GLHOHFWULFUHOD[DWLRQ,QWKLVFDVHWKHFRQWLQXRXVGLVWULEXWLRQRIOLIHWLPHVVHHPVWRJLYHDPRUH
UHDOLVWLFSLFWXUH 
,QWKLVSDSHUZHDWWHPSWDQHZDSSURDFKWRUHVROYHWKHH[FLWHG-VWDWHKHWHURJHQHLW\DQGGLHOHFWULFUHOD[DWLRQ:H
SURSRVHDQGH[SORUHWKHDOWHUQDWLYHPRGHORI,QQWEDVHGRQWKHQHZJHQHUDOUHSUHVHQWDWLRQVRIWKH'WDQGQFW
UHOD[DWLRQIXQFWLRQVGHULYHGIURPWKHSULQFLSOHVRIWKHQRQ-HTXLOLEULXPVWDWLVWLFDOSK\VLFV 
:HKDYHDOUHDG\GHPRQVWUDWHGIRUKXPDQVHUXPDOEXPLQ>@WKDWLWV7USIOXRUHVFHQFHGHFD\FDQEHUHSUHVHQWHG
E\WKHJHQHUDOUHOD[DWLRQIXQFWLRQ 
  > @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ZKHUHWLVWKHIOXRUHVFHQFHOLIHWLPHRIWKHDPLQRDFLGZKLOHWKHSDUDPHWHUVDDQGNGHWHUPLQHWKHVWDEOHGLVWULEX
WLRQVRIIOXRUHVFHQFHWUDQVLWLRQUDWHV7KHUHOD[DWLRQIXQFWLRQKDVEHHQRULJLQDOO\GHULYHGLQWKHWKHRU\GHVFULE
LQJGLSROHNLQHWLFVLQVROLGPDWHULDOV>@DQGSURYLGHVDPRUHJHQHUDOWKDQH[SRQHQWLDOGHVFULSWLRQRIIOXRUHV
FHQFHNLQHWLFVZKLFKFDQEHSDUWLFXODUO\XVHIXOIRULQWHUSUHWLQJIOXRUHVFHQFHUHVSRQVHLQFRPSOH[HQYLURQPHQWV
7KHGHSHQGHQFHLVDWZR-SRZHU-ODZUHOD[DWLRQUHVSRQVHDQGLWLVZRUWKQRWLQJWKDWWKHFRPPRQO\XVHGH[SR
QHQWLDOVĮ ț VWUHWFKHG-H[SRQHQWLDOVaH[S>-WWD@>@Įț DQG%HFTXHUHOIXQFWLRQVNWW-N
>@Į ț!DUHEXWVSHFLDOFDVHVRIWKHHTWQ 
:HKDYHDOVRXVHGWKHPRGHOWRUHSUHVHQWWKHIOXRUHVFHQFHGHFD\RIW\URVLQHLQEHWD-DP\ORLGSHSWLGHVGXULQJ
WKHLUDJJUHJDWLRQNQRZQWROHDGWR$O]KHLPHU¶VGLVHDVH>@7KHDQDO\VLVRIWKHFKDQJHVLQSDUDPHWHUVRIPRGHO
DQGVSHFLILFDOO\LQWKHSDUDPHWHUDEHFRPLQJODUJHUWKDQZKLFKLVQRWSRVVLEOHLQWKHH[FLWHG-VWDWHNLQHWLFV
KDVOHGXVWRWKHFRQFOXVLRQWKDWWKHH[SHULPHQWDOGHFD\PD\EHLQIOXHQFHGE\WKHH[FLWHGSRSXODWLRQEHLQJLQWHU
IHUHGZLWKE\WKHGLHOHFWULFUHOD[DWLRQWKLVEHLQJPRUHIUHTXHQWWKDQZRXOGEHDQWLFLSDWHGIURPWKHODFNRIDS
SHDUDQFHRIQHJDWLYHFRPSRQHQWVLQPXOWL-H[SRQHQWLDODQDO\VLV 
+HUHZHUHVHDUFKWKHK\SRWKHVLVWKDWWKHLQGLYLGXDOIOXRUHVFHQFHGHFD\RILQWULQVLFIOXRURSKRUHLQSURWHLQPHDV
XUHGDWGLIIHUHQWZDYHOHQJWKVDQGWHPSHUDWXUHVGRQRWRQO\IROORZWKHJHQHUDOPRGHOZKLFKKDVEHHQDOUHDG\
SDUWLDOO\GHPRQVWUDWHG>@EXWDUHDOVRFRQVLVWHQWZLWKDPRUHGHWDLOHGPRGHOGHFD\ZLWKWKH'WDQGQFW
UHOD[DWLRQIXQFWLRQVJLYHQE\WKHJHQHUDOIRUPVRIW\SH:HDSSO\WKHJOREDODQDO\VLVWRDVHULHVRIIOXRUHV
FHQFHGHFD\VRI7USLQ+6$PHDVXUHGDWGLIIHUHQWGHWHFWLRQZDYHOHQJWKVDQGH[WUDFWWKHSDUDPHWHUVRIWKHERWK
UHOD[DWLRQSURFHVVHV,WLVDVVXPHGWKDW,QQWLVJLYHQE\ 
          3 0, 4s fI t S t tQ Q Q Q Q Q Qf f    ) )  
ZKHUH)IWDQG)VWDUHWKHQHZIOXRUHVFHQFHDQGVROYDWLRQUHOD[DWLRQIXQFWLRQV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ZKHUH)I )V DQG)If )Vf 7KHSDUDPHWHUVWIDIDQGNIFKDUDFWHULVHWKHGHFD\RIWKHH[FLWHGVWDWH
SRSXODWLRQDQGHQDEOHKLJKIOH[LELOLW\LQUHSUHVHQWLQJWKHWUDQVLHQWIOXRUHVFHQFHGHFD\UDWHVNIW -GOQ)IWGW
LQFOXGLQJDQRQ-PRQRWRQLFEHKDYLRXU>@ZKLOHWVDQGDVGHVFULEHWKHGLHOHFWULFUHOD[DWLRQ,QWKLVDSSURDFK
ERWKVHWVRIWKHSDUDPHWHUVDUHH[SHFWHGWREHLQGHSHQGHQWRIWKHIOXRUHVFHQFHGHFD\GHWHFWLRQZDYHOHQJWKV
ZDYHQXPEHUVEHFDXVHWKHGHSHQGHQFHRI,QQWRQQLVRQO\WKDWVSHFLILHGH[SOLFLWO\LQWKHIRUPXOD+RZHYHU
ZHGRQRWH[FOXGHWKHH[LVWHQFHRISRWHQWLDOFRUUHODWLRQVEHWZHHQWKHI-DQGV-W\SHSDUDPHWHUVDVWKHGLHOHFWULF
UHOD[DWLRQPD\LQIOXHQFHWKHSRSXODWLRQGHFD\,QGHHGWKH7USWUDQVLHQWGHFD\UDWHNIWPD\FKDQJHZKHQ7US
UHRULHQWDWHVLQUHVSHFWWRLWVVXUURXQGLQJV7KHUHIRUHWKHSRWHQWLDOFRUUHODWLRQVEHWZHHQWKHUHFRYHUHGSDUDPHWHUV
DUHDOVRLQYHVWLJDWHG7KHIXQFWLRQ6QWUHSUHVHQWLQJWKHGLVWULEXWLRQRIIOXRUHVFHQFHWUDQVLWLRQVKDVEHHQPRG
HOOHGE\WKH*DXVVLDQSURILOH+6$KDVEHHQVHOHFWHGDVDPRGHOSURWHLQWKDWKDVRQH7USDQGVKRZVRQO\7USIOX
RUHVFHQFHZKHQH[FLWHGDWQP1HWKHUWKHOHVV+6$IOXRUHVFHQFHGHFD\LVNQRZQWREHFRPSOH[GXHWRKHWHU
RJHQHLW\RI7USHQYLURQPHQWVDQGEHFDXVHWKHW\SLFDOO\RSKLOL]HG+6$VDPSOHFRQWDLQVXSWRKLJKHURUGHU
DJJUHJDWHVIRUPHGYLDGLVXOILGHOLQNDJH>@7KHYDULHW\RISRVVLEOH7USHQYLURQPHQWVOHDGVWRWKHQRQ-
H[SRQHQWLDOGHFD\RIWKHH[FLWHGSRSXODWLRQ7KLVFRPELQHVZLWKWKHGLHOHFWULFUHOD[DWLRQDQGUHVXOWVLQDFRPSOH[
GHFD\,QRXUDSSURDFKZHDLPWRUHVROYHWKHVHWZRHIIHFWV 
 
2. ([SHULPHQWDO 
HSA and the phosphate buffer were purchased from Sigma-Aldrich (Poole, UK). The 3x10-5 M HSA solution in 
0.01 M phosphate buffer, pH7.4 has been prepared on the day of measurements. The time-correlated single pho-
ton counting (TCSPC)-based the Fluorocube fluorescence lifetime system (Horiba Jobin Yvon IBH, Glasgow, 
UK) has been used to record the fluorescence decays. An AlGaN version of a pulse light emitting diode working 
at 295 nm [26] and 1 MHz repetition rate has been used to excite the Trp directly. A polarizer of vertical orienta-
tion in the excitation channel and the other at the magic angle in the detection channel were used. Measurements 
were taken for the temperatures 10qC to 60qC with the 10 degrees steps by using the temperature-controlled sam-
ple holder connected to a Neslab RTE11 thermostat (Thermo Scientific UK). For each temperature, the detection 
wavelengths have been changed from 330 nm to 360 nm with 5 nm increments.  
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Fluorescence decays were analysed by two deconvolution procedures, first assuming the model given by eqtn (3), 
the second explored the dependence (4). In both cases, the experimental decays were expressed as 
             
         
0
7
t
F t a bL t c L t t I t dtc c c   '  '³  
where L(t) is the prompt excitation function, a, b, and c are the background level, contribution of the scattered 
OLJKWDQGWKHVFDOLQJSDUDPHWHUUHVSHFWLYHO\DQGǻLVWKHWLPH-shift between the prompt and decay curves due to 
the colour effect of the light detector and finite channel width of the time axis. I(t) represents the model decay 
given by eqtn (3) or (4). 
The parameters of model (3) were obtained from the deconvolution procedure described elsewhere [19] by mini-
mising the F2 goodness-of-fit criterion. The model (4) has been investigated by global deconvolution analysis, 
where a number of the decays measured for the different detection wavelengths were fitted jointly.   
Global analysis was performed by optimisation of the F2 goodness of fit criterion over the full set of data from all 
available fluorescence profiles measured at a range of wavelengths at the same time. The function S(Q(t)) repre-
senting the distribution of fluorescence transitions has been modelled by the Gaussian distribution. The parame-
ters of model (4) remained common for all detection wavelengths. The parameters of the functions (5) and (6) 
were fitted during the procedure, while the peak initial and final wavenumbers Q0=28635 cm-1 and Qf=28247 cm-1 
were estimated from the Otosu et al. paper [15] for the HSA data studied at pH 7 in order to ensure the consist-
ence of our analysis with the former precise measurements of the transient emission spectra of HSA. The tech-
nical parameters of (7) (a, b, c DQGǻZHUHILWWHGLQGLYLGXDOO\IRUHDFKGHFD\7KHF2 goodness-of-fit criterion was 
minimised using the Nelder-Mead optimisation method [27]. Due to the possible existence of local minima, the 
optimisation procedure was performed at least 12 times using randomly generated starting values of the model 
parameters, and the best result was selected as the final estimate of model parameters. Overall computations to 
obtain such an estimate with 12 repetitions take on average 4 hours using a typical desktop computer capable of 
96 GFLOPS peak performance. 
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3. 5HVXOWVDQGGLVFXVVLRQ 
7KHIOXRUHVFHQFHGHFD\VRI7USLQ+6$ZHUHUHFRUGHGDWGLIIHUHQWGHWHFWLRQZDYHOHQJWKVDFURVVWKH7USIOXRUHV
FHQFHVSHFWUXPDQGDWGLIIHUHQWWHPSHUDWXUHV7KHFYDOXHVREWDLQHGZKLOHILWWLQJWKHPRGHOWRWKHGDWDLQQR
FDVHH[FHHGHGLQGLFDWLQJDYHU\JRRGILWIRUDOOWKHGHFD\V$OWKRXJKILWWLQJD-H[SRQHQWLDOPRGHOWR+6$
GDWDLVNQRZQWRJLYHVLPLODUYDOXHVRIFWKHPRGHOLVVWLOOPRUHDGHTXDWHIRUWKHPHDVXUHGGHFD\E\PHDQV
RIWKH$NDLNH,QIRUPDWLRQ&ULWHULRQ$,&>@ZKLFKPHDVXUHVWKHDSSURSULDWHQHVVRIWKHPRGHOGHFD\RQWKH
EDVLVRIWKHERWKXQUHGXFHGFYDOXHDQGWKHQXPEHURISDUDPHWHUVNRIWKHPRGHOIXQFWLRQ$,& FN7KH
VPDOOHUYDOXHRI$,&LQGLFDWHVWKHPRUHDGHTXDWHPRGHO,QRXUFDVHWKH$,&IRUPRGHOZDVVPDOOHUWKDQWKDW
IRUWKH-H[SRQHQWLDOIXQFWLRQIRUWKHPRVWaGHFD\V7KHDYHUDJHYDOXHRI$,&IRUZDVZKLOH
IRUD-H[SRQHQWLDOGHFD\LWZDV 
7KHUHFRYHUHGSDUDPHWHUVWDDQGN)LJUHVSRQGWRFKDQJHVLQWKHWHPSHUDWXUH7DQGWKHGHWHFWLRQZDYH
OHQJWKOUHIOHFWLQJWKHSKRWRSK\VLFVRI7USLQ+6$$QLQFUHDVHLQWZLWKOFRQILUPVWKHZDYHOHQJWK-OLIHWLPH
FRUUHODWLRQZKLFKLVFRQVLVWHQWZLWKWKHSUHVHQFHRIGLHOHFWULFUHOD[DWLRQZKLOHWKHGURSRIWZLWKWKHWHPSHUDWXUH
UHIOHFWVPRUHLQWHQVLYHFROOLVLRQDOTXHQFKLQJRI7USE\WKHVXUURXQGLQJV&KDQJHVLQDDQGN)LJEDQGFDUH
VLPLODUWRWKRVHREVHUYHGIRUWDQGSURYLGHDGGLWLRQDOLQIRUPDWLRQ)RUH[DPSOHWKHDYDOXHVORZHUWKDQLQGL
FDWHDQRQ-'HE\HQRQ-H[SRQHQWLDOGHFD\ZKLFKUHVXOWVIURPDEURDGHUKHDY\-WDLOHG>@GLVWULEXWLRQRIWKH
WUDQVLWLRQUDWHV+HUHZHQRWLFHWKDWWKHGRPLQDQWVWUHWFKHG-H[SRQHQWLDOQDWXUHRIWKHGHFD\DNoRE
VHUYHGDWWKHVKRUWHUGHWHFWLRQZDYHOHQJWKVDQGORZHUWHPSHUDWXUHVJUDGXDOO\EHFRPHVFORVHUWRWKH%HFTXHUHO-
W\SHDoN!DWORQJHUZDYHOHQJWKVDQGKLJKHUWHPSHUDWXUHV6XFKFRQYROYHGFKDUDFWHURIWKHUHFRYHUHGGH
FD\VSDUDPHWHUVLVFRQVLVWHQWZLWKPRUHWKDQRQHUHOD[DWLRQSURFHVVFRQWULEXWLQJWRWKHH[SHULPHQWDOGHFD\V 
7RWHVWRXUK\SRWKHVLVZHKDYHILWWHGWKHGRXEOH-UHOD[DWLRQPRGHO,QQWHTWQDQGDSSOLHGJOREDODQDO\VLVIRU
WKHVHWVRIGHFD\VPHDVXUHGDWGLIIHUHQWZDYHOHQJWKVDQGUHFRYHUHGWKHSDUDPHWHUVRIWKHIXQFWLRQVDQG 
)LJXUHVKRZVWKHH[DPSOHRIWKHJOREDOILWWLQJRIDVHULHVRIWKHGHFD\VRI+6$VDPSOHDWq&PHDVXUHGDWGLI
IHUHQWZDYHOHQJWKV 
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7KHUHVXOWVIRUDOOWHPSHUDWXUHVDUHVXPPDULVHGLQ)LJ7KHFYDOXHVVKRZQDVQXPEHUVDWWKHH[SHULPHQWDO
SRLQWVLQ)LJDDUHDFFHSWDEOHRYHUWKHZKROHUDQJHRIWHPSHUDWXUHV$OWKRXJKWKH\GRQRWVKRZDYHU\JRRGILW
DWORZHUWHPSHUDWXUHVZKLFKLVGLVFXVVHGODWHUWKHUHVXOWVRIWKHJOREDODQDO\VLVFRQILUPWKHJHQHUDOYDOLGLW\RI
WKHPRGHOJLYHQE\HTWQ 
7KHSDUDPHWHUVW)DQGD)UHVSRQVLEOHIRUWKHGHFD\RIWKHH[FLWHG-VWDWHSRSXODWLRQGHFUHDVHVORZO\ZLWKWHPSHU
DWXUH7KLVLVH[SHFWHGDVWKHUHVXOWRILQFUHDVHGFROOLVLRQDOTXHQFKLQJDQGEURDGHUUDQJHRIPROHFXODURULHQWD
WLRQVWKXVWUDQVLWLRQUDWHVUHVSHFWLYHO\KRZHYHUWKHN)SDUDPHWHUKDVEHHQIRXQGWREHQHJOLJLEO\VPDOO7KLV
ILQGLQJOHDGVWRWKHFRQFOXVLRQWKDWWKHUHOD[DWLRQRIWKHH[FLWHG-VWDWHVRI7USLQ+6$FDQEHGHVFULEHGE\DVLQJOH
VWUHWFKHG-H[SRQHQWLDOIXQFWLRQDQGWKHHQYLURQPHQWKHWHURJHQHLW\RIWKH7USFDQEHFKDUDFWHULVHGE\RQO\RQH
SDUDPHWHUWKHLQGH[RIVWDELOLW\D)ZKLFKGHWHUPLQHVWKHVWDEOHGLVWULEXWLRQRIWKHWUDQVLWLRQUDWHVID)NRI7US 
7KHVLJQLILFDQWFKDQJHVLQWKHSDUDPHWHUVW6DQGD6RIWKHGLHOHFWULFUHOD[DWLRQIXQFWLRQ)6WDVFRPSDUHGWRWKH
VORZHUGURSLQWKH))WSDUDPHWHUVVXJJHVWVWKDWEHWZHHQq&DQGq&WKHUHLVDFKDQJHLQ+6$FRQIRU
PDWLRQZKLFKVXEVWDQWLDOO\DIIHFWVWKHUDWHRIGLHOHFWULFUHOD[DWLRQEXWRQO\VOLJKWO\WKURXJKWKHQRUPDOWHPSHUD
WXUHHIIHFWWKHUDWHRIIOXRUHVFHQFHGHFD\7KLVVXJJHVWVWKHFKDQJHRIWKHZKROH+6$FRQILJXUDWLRQEXWQRWD
FKDQJHLQ7US¶VORFDOHQYLURQPHQW$VW6GHFUHDVHVWKLVFRQIRUPDWLRQDOFKDQJHPXVWOHDGWRIDVWHUUHOD[DWLRQ 
)LJXUHSUHVHQWVWKHUHVXOWLQJ))WDQG)6WUHOD[DWLRQIXQFWLRQVIRUGLIIHUHQWWHPSHUDWXUHV7KH))WGHSHQG
HQFHVKRZVUHODWLYHO\ZHDNDFFHOHUDWLQJHIIHFWRIWHPSHUDWXUHRQWKHGHFD\RIWKHH[FLWHG-VWDWHSRSXODWLRQZKLOH
WKH)6WGHPRQVWUDWHVDUDSLGLQFUHDVHLQWKHUDWHRIGLHOHFWULFUHOD[DWLRQDWKLJKHUWHPSHUDWXUHV7KLVLVFRQ
VLVWHQWZLWKWKHSKDVHWUDQVLWLRQRI+6$PROHFXOHVRFFXUULQJEHWZHHQDQGq&$IWHUWKLVWUDQVLWLRQWKHGLH
OHFWULFUHOD[DWLRQLVPXFKIDVWHUDQGLWVUDWHVWLOOLQFUHDVHVZLWKWHPSHUDWXUH$JDLQLWLVZRUWKQRWLQJWKDWWKLV
SURFHVVZKLFKLQYROYHVDZKROH+6$PROHFXOHLVQRWGLUHFWO\UHIOHFWHGLQWKHIOXRUHVFHQFHGHFD\UDWHVRI7\U
FRQILUPLQJRXUVXJJHVWLRQWKDWWKHUHLVQRVXEVWDQWLDOFKDQJHLQWKH7\ULPPHGLDWHVXUURXQGLQJV7KLVLVFRQ
VLVWHQWZLWKWKH+6$VWXGLHVE\2WRVXHWDO>@ZKRE\XVLQJWKHWLPH-UHVROYHGDUHD-QRUPDOLVHGHPLVVLRQVSHF
WUD75$1(6PHWKRGQRWLFHGWKDWWKHORFDOFRQIRUPDWLRQDOWUDQVLWLRQQHDU7USLQ+6$DQGWKHHQWLUHFRQIRUPD
WLRQDOFKDQJHRIWKHZKROHSURWHLQKDYHGLIIHUHQWFKDUDFWHULVWLFV 
)LJXUHVDDQGEDOVRVKRZWKDWDWORZHUWHPSHUDWXUHVGLHOHFWULFUHOD[DWLRQDFFRPSDQLHVWKHZKROHSURFHVVRI
IOXRUHVFHQFHGHFD\ZKLOHDWKLJKHUWHPSHUDWXUHVWKHGLHOHFWULFUHOD[DWLRQLVFRPSOHWHGDWWKHHDUO\VWDJHVRIWKH
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IOXRUHVFHQFHGHFD\7KLVPD\H[SODLQWKHREVHUYHGSRRUHUYDOXHVRIWKHFSDUDPHWHUVDWORZHUWHPSHUDWXUHV,Q
GHHGLQWKHPRGHOWKHLQIOXHQFHRIWKHGLHOHFWULFUHOD[DWLRQRQWKHH[SHULPHQWDOIOXRUHVFHQFHGHFD\VLVUHSUH
VHQWHGRQO\DVWKHUHVXOWRIWKHWLPH-GHSHQGHQW6WRNHVVKLIWRIWKHHPLVVLRQVSHFWUXP,QWKHUHDOV\VWHPWKHUROH
RIGLHOHFWULFUHOD[DWLRQLVPXFKPRUHVSHFLILFEHFDXVHWKHSUREDELOLWLHVIRUUDGLDWLYHDQGQRQ-UDGLDWLYHWUDQVLWLRQV
RIWKHH[FLWHGPROHFXOHGHSHQGRQWKHORFDOHQYLURQPHQWZKLFKFKDQJHVFRQWLQXRXVO\GXULQJGLHOHFWULFUHOD[D
WLRQ7KLVHIIHFWFDQEHHVSHFLDOO\VLJQLILFDQWLQKHWHURJHQHRXVHQYLURQPHQWVIRUWU\SWRSKDQDVZRXOGEHH[SHUL
HQFHGZLWKSURWHLQ7KHUHIRUHGLHOHFWULFUHOD[DWLRQLVOLNHO\WRDIIHFWWKHGHFD\RIWKHSRSXODWLRQRIH[FLWHGIOXRUR
SKRUHVZKLFKFDQEHPDQLIHVWHGLQWKHFRUUHODWLRQVEHWZHHQWKHSDUDPHWHUVFKDUDFWHULVLQJERWKUHOD[DWLRQSUR
FHVVHV2XUGDWDFRQILUPWKHH[LVWHQFHRIWKHVHFRUUHODWLRQV7DEOHVKRZVWKDWW6LVFRUUHODWHGZLWKERWKW)DQG
D)DWVLJQLILFDQFHOHYHODQGFRUUHVSRQGLQJFRHIILFLHQWVLQGLFDWHUHODWLYHO\VWURQJSRVLWLYHFRUUHODWLRQ$GGL
WLRQDOO\WKHUHLVYHU\VWURQJFRUUHODWLRQEHWZHHQW)DQGD)RQWKHLURZQZKLOHWKHUHLVQRHYLGHQFHRIFRUUHODWLRQ
LQRWKHUSDLUVRISDUDPHWHUV7KLVFRUUHODWLRQDQDO\VLVRQO\FRQVLGHUVOLQHDUUHODWLRQVKLSVDQGLVEDVHGRQDVPDOO
VDPSOHRIQ SDUDPHWHUYDOXHVHVWLPDWHGIRUWKHH[SHULPHQWVSHUIRUPHGDWGLIIHUHQWWHPSHUDWXUHV 
 
4. &RQFOXVLRQ 
7KHSURSRVHGVSHFWUDOO\-DQGWLPH-UHVROYHGIOXRUHVFHQFHPRGHOHTWQV-HQDEOHVVHSDUDWLRQRIWKHWZRSUR
FHVVHVGRPLQDWLQJWKHLQWULQVLFIOXRUHVFHQFHGHFD\RISURWHLQKHWHURJHQHLW\RIWKHH[FLWHG-VWDWHGHFD\DQGGLHOHF
WULFUHOD[DWLRQ&RPELQLQJWKLVPRGHOZLWKJOREDODQDO\VLVDOORZVGHWHUPLQDWLRQRIWKHSDUDPHWHUVRIGXDO-
UHOD[DWLRQZKLFKSDYHVWKHZD\WRWKHGXDOUHOD[DWLRQ-EDVHGVHQVLQJRIKHWHURJHQHRXVHQYLURQPHQWVZLWKEURDG
SRWHQWLDODSSOLFDWLRQVZKHUHYHUSURWHLQIOXRUHVFHQFHRFFXUV0RUHRYHUVWXG\LQJFRUUHODWLRQVEHWZHHQWKHUHFRY
HUHGSDUDPHWHUVRIERWKUHOD[DWLRQVPD\RIIHUQHZLQIRUPDWLRQRQSURWHLQDFWLYLW\ 
,QWKLVVSHFLILFUHVHDUFKZHKDYHIRXQGWKDWWKHFRQIRUPDWLRQDOFKDQJHZKLFKWKH+6$XQGHUJRHVEHWZHHQ
DQGq&DFFHOHUDWHVLWVGLHOHFWULFUHOD[DWLRQEXWGRHVQRWDIIHFWWKHGHFD\RI7USH[FLWHG-VWDWHSRSXODWLRQWKXVLW
GRHVQRWRFFXULQWKH7USORFDOHQYLURQPHQW5HYHDOLQJWKHSDUDPHWHUVRIERWKUHOD[DWLRQVE\DSSO\LQJWKLVDS
SURDFKWRRWKHUSURWHLQVHJWKRVHDVVRFLDWHGZLWKWKHRQVHWRIFHUWDLQGLVHDVHVFRXOGRIIHUDQHZUDQJHRILQIRU
PDWLRQRQWKHVWUXFWXUDOSURFHVVHVLQYROYHGRQWKHQPVFDOH 
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7DEOH&RUUHODWLRQEHWZHHQSDUDPHWHUVWKRVHVLJQLILFDQWDWOHYHODUHLQEROG 
 
 
 WF DF NF WS DS 
WF 1 0.9873 0.7171 0.8913 -0.6284 
DF  1 0.6671 0.8543 -0.6976 
NF   1 0.4873 0.0318 
WS    1 -0.5960 
DS     1 
p-values (significance of the correlation test) 
WF  0.0003 0.1088 0.0171 0.1815 
DF   0.1478 0.0303 0.1234 
NF    0.3269 0.9524 
WS     0.2119 
DS      
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Figures: 
 
                            
Fig.1.  The W (a.), D (b.) and N (c.) parameters of the model decay (3) recovered from the HSA fluorescence de-
cays measured at different wavelengths at temperatures between 10qC and 60qC. All F2 values in the range 0.95-
1.05. 
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Fig.2.  The raw decays of HSA fluorescence at 50qC measured at different wavelengths, the fitted functions and 
the distribution of residuals, together with the parameters of the model defined by eqtn (4) recovered in the global 
analysis. Note that the model parameters are common for the all set of decays, and only technical parameters a, b, 
FDQGǻDUe specific to each decay. 
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Fig.3.  Temperature dependence of the parameters WF and WS (a.), DF and DS (b.) and NF (c.) obtained for the dou-
ble-relaxation  model (4) of fluorescence kinetics, from the global analysis of the series of decays measured at the 
different detection wavelengths.  
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Fig.4.  The normalised decays of the excited-state populations )f(t) (a.), and the dielectric relaxation functions 
)s(t) (b.) at different temperatures. 
 
 
 
